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oimmnmmm salts .seful as e»ahtioselect,.e ep„x,oat,o« catalysts 

TOs invention r=U«s ,o novel compounds and d,e „» of such compounds 
as catalysis in oxygen transfer reactions. 

^ „^ ,'^r"''''''"'™™""'»"''="°"°f>U«"«"si»fcl>i,al catalysts in 

Aw^.«i.on. Publicanon Number WO/9,/M694,. is „o» „e„ establish«l 
«.hod.l„,y in .sy,™„e,ric synthesis. The imponanee of these caulyUc systems 
«;-;*«"-l»ft<.«.heve.atilityofapp,icatio„ottheasymmeoi 

rrr'T""^' ™"-""'''«--»*=-nyandva,ied 
nucleophiles which can be used to open the subsn^te epoxide ,t»«din. a 
concomitantly vatied range of enantiomedcally enrtched p^iucts which are 
increasingly required for use for the manufacture of biologically impo^n, 
compoumis such as pesdcides. herbicides and pham^ceutLs 

In addition to organo-tnmsidon metal based catalysis such as ih. k 

rretrahedron Letters, V„,. 34, no.45. pp727|.7274) have demonstrated that the 
xa.,„d,„,„ ,,3. 2R, 3R. 4S,.N-me,hy,.1.2.„x^3.methyl^pC 
1,2,3 4-tetrahyroisoquinolinium tetrafluoroborate catalyses the asymmetric 

«*Me to the comsponding sulphoxide. The oxazlHdinium salts L p Jared 
C.R.Acad Sc., Pans, 1991, 313,SII, pp625.628) 

ascd catalysts, die oxazindinium catalysis do noi function by means of radical 

:dZt~"" "™ "°' '"^'^ ^VSlems for useon an 

I. has now been discovered tha, a novel series of oxaziridium .salis show 
"."Ch promise in the catalytic asymmetric ep„xid.,.o„ of alkenes. The catat Jc 
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reaction employed is simple and robust enabling the use of re.H. 

Cheap reagents as we,, as environmentally safe solvent ' "''^'"'^ 





(la) 



15 



20 



25 



— (ch,)„ch;;' 

X is a counter ion. 

SuitaWy, A represents iiydrogen. 
Suitably. B represents hydrogen. 

Examp,esofRl when it represents r, . .ii, i 
groups. ^presents Cj.g aJkyl are methyl and ethy, 

An example of R I is benzyl. 

Suitably, r2 represents Ci.6a,kyl. 
Suitably. r3 represents Cj.g alkyl. 
Preferably, r1 represents Cj.g alkyl. 

Values for the counter ion X- include BF4- CI" Br- I- r.o 
A prefened value for the counter ion X- i! BF4-. ' 
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10 



A suitable ao-1 group is a phenyl group 

branched carbon cj„,crt^l~^ 
"~.op.U.^^^^^ 

compounds of formula (la) and (IM L T 
appropriate, a compound of fon„„J dZT' 





(Ila) 

wherein A and B are as defined in relation ro f , "'^^ 

of foiTOula (III): '° with an alkylating agent 



15 



20 



25 



Rl-Ll 



(III) 



L ' usually represemshalide such,, k ^ 

earned „ , a., and („„ ^ 

organic snlvcn,, generally a„ i,e " ' " " '""""y =" 

^osphe.. exa^p,. ^Z^^^^^ -^.d on, i„ an ™e„ 

The salting reaction with the sour^. 

"-g any conventional procedure bu " TJ '"^'^ 

-aeon, at ambient temperature. ' "sed in the 



-3- 
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source of counter ion X" mav Iv. 
approbate „,e., sait and especiailv a sC salr « - 

alkylating agent QU) is also the source o I ''^^^^^^ 
Prepari„gcon,pou„dsoffor.uiaaa)o^^^^^^^^^ 

1-6 alky], especially methyj. 

npond (R 'a)30BF4. ^herein Rla 



10 




chem. ,989 ,20 765. '"""-^ °^^^^'-''''acker«.L,„3,3, 

'^'"^''^''^""'Pounds of formula riV> w 
' -Po-c, Of fonnula (, V) P-pared fro. :he racemic 

e -ethod disclosed by Hawlcins and Fu " -^-Pl^ 
il.2820-2822. Organic Chemistry ,986. 

The compounds of formula (flj) are kno 
prepared using methods analogous to thoT " '"""'""'^ °^ ''"^^ "^^y be 

--Pie the methods discC - w 1 ^ '^^^^^ 
Chemical Society. ,963.^5. ,409 " of American 

The compounds of formula (IV) are Icno 
P-Pared using methods analogous to tho? T" °^ '^^^ 

25 '"^'^^r^^'^--^odsdisciLd;t:r7;^'"^^"°-"^^^^^^ 

The compounds of fnr,„ . 7 ^""^ ^" 

of the above defL. 7 " ^^'^ ^"'^ therein R I ,enrec 

"ove defined fomiula (a), mav hp n« . ^^^presents a moiety 
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N-(CHA-CH 




N-(CK,VCH 



10 



15 



(Va) 



(Vb) 



20 



wherein A. B. r2 r3 „ ,3 ^ ^^^.^^ 

The cyclisanon reacdon of the compounds of fonnola (Va) and rvh> 

^ o„, ■„ ,„ ^,„„, ap^ 12: ih r 

a. ^ oran eleva^ ,.mpe„„„. „„,„4 ^^^^^ « 
ttmpeianireoflhcsolvera. /■■'■ncreuux 

The sailing reacdon with ihc sonioe of coonrer ion X- ™.„ I, 
.sing any convcndona, p„eedu. bn, is usua„y7,?«rj ™' . °°' 

=.e,i.,ion „acdon, a, amh.en, ,e.pe„,„„. r:"^Z::::,ZTZT 
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wherein A, B and are a<: H/^fm.^ • i • 

of formula (VII): " " <^^>' -''^ « compound 



10 



15 



Wherein R2 r3 „ as defined in ...ion to formula (I) 

The reaction between the compound of fonnula (Via) or rVTh^ . u 
compound of fonnula (VH) may be carried out using Sll^^ '"^ 
generally an aprotic solvent such as tetrahvHr r 

elevated temperature such as a t^^l 1 ' °' "^^'"^ 

i^ecLpound 

prepared using methods ana oTous to thos! 7" " "'^^ ™^ 

for example the methods disc oid v E " 

1989. 77 ^'""^ " Synthesis. Vol. 68, 

nje compounds of fomiula (Via) and (V\M n,, k 





wo 97/06147 



fCT/EP96mssi 



10 



15 



r:r ^""^ "^^^ - '"^-^^ ■ '° ^ fouow^n, 

slT,' "85. P 317 

siep 4. B. Bezas, L. Zervas. JACS, 1961 83 719 





(la) 



wherein A and B each independently reoresen,. hvHr ^^^^ 

naph.hyHdenesubs.tuen..:HichuXeZ^^^^^^ 
20 alkoxy. ary,. aryloxy. silyl and sily.oxy °" "^'-^ 

Rl ^' 



represents phenyl. Ci.6 alkyl. phenyl C^e a]Jcylora 



a moiety of formula (a): 



--(CH2)„CH 



\ 



CHjR' 



25 wherein r2 represents C i 

represents H or 0R4 wherein r4 is C, . alkylorC. . .i^ , , , 
•o or an integer 1 or 2: anH '"^ ^ ^''^ '"^>'^^">" ^""^^ " 



_ _ /1-6 alkyl, phenyl or benzyl; 



zero or an integer 1 or 2; and 
X is a counter ion. 
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One suitable nucleophilic oxidising agent is provided by a mixture of 
oxone (KHSO5) and NaHC03. 

nie epoxidation reaction may be carried out using any suitable 
procedure whertin the prochiral olefin, the nucleophilic oxidising agent and the 
compound of formula (la) or (lb) are allowed to react thereby providing the 
required epoxide. ^ 

-n^e reaction is carried out in an organic solvent such as acetonitrile. 
drmethysulphoxide. dimethylformamide or pj^ine or in an organic solvent/water 
mixture such as aqueous acetonitrile. 

Aqueous acetonitrile is a particularly apt reaction solvent when 
oxone/NaHCOs is the nucleophilic oxidising agent. 

Tl.e reaction is carried ou, at a low to medium-elevated temperature such 
as a temperature in the range of from -20 to SO^C, preferably at ambient 
temperature. 

Suitably, the reaction is carried out at a neutral or alkaline pH such as in 
the^range of from pH 7 to 14. preferably it is carried out in the t^ge of from pH 

Suitably the molar ratio of the compound of fonnula (la) or (lb) to the 
prochiral olefin .s in the range of from 1 to 20mol %. preferably in the range of 
20 from 5 to 10 mo! %. * 

The following preparation and examples illustrate the present invention. 



15 
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IminiuniSaltCatalj.sts 
General Preparation Procedure- 
To a solution of the required imine in CH.n 
5 alMating agent. TTie reaction w s "fuo ^ ^''^^'^ *--«Ponding 
completion. The solvent waHhrr^^ '^-P--"- until 

i-ther .ogive .he desired sr ""^^^"'''^^-'^--precipi..ed out 

'^^^ToZ'!:^^^^^^ 1.36 .n,ol) in d^ 

128.68.129 54 l-yo 7, '26.78, 126.9. 127 12 I-Jto, 

squires 308. 1439). ^ ^ '^'^"^ (Found 308.1448 C23H,Tn 

Example 2: (5).(+).s,5.D,hydro 2ff w . 

azepine iodide ^^•'""^P''"'f2-l--I%2'-eJ-N.,„ethyl 

~ - 05.i„^ , ^„„^- under ,,,, „ J 

(3 H. s, CH3). 4.70 (] H d / 1"^ i u ^" ^^50 MHz- CDCl^^ 

Example 3: (5H+).5,S.Dihydro 2A/ h- . 

a^epineperchlorate '^"'■'""^'"'"'f2''--i'.2'-.J.N.methyl 
A solution of AgCI04 (34 3 

u>e fiimi. was conccnirated to give 
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15 



20 



30 
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the desired iminium salt which was precipitated from ether. After drying under 
high vacuum the desired compound was obtained as a yellow solid (60 mg 90%) 
[a]D " + 769 (c 1 .09 in acetone); 5h (250 MHz; CDCI3) 4 1 5 (3 H s CH'?) 
4.70 (1 H. d. J 13 Hz. AiCZ/W), 4.80 (1 H, d. 7 13 Hz. ArCHH ), 7.0-8 2 (I2'h 
m, Ar-H). and 9.35 (1 H. s. N=CH); 5c (100 MHz; d6-acetone) 49 44 59 19 ' 
126.59. 126.64. 127.62. 127.85. 127.93. 128.03. 128.46. 129.58. 129 60 13001 

id mir'' 

Exainple4: (/?)-(-)-5,5.Dihydro.2//.dinaphth[2,l-c:r,2'.e].N-methyl 
azepine hexfluorophosphate 

A solution of AgPF6 (40.7 mg. 0.1 6 mmol) in acetone (1 ml) was added to a 
solution of (R)-iminium salt from Example 2 (70 mg. 0. 1 6 mmol) in CH2CI2 (2 
inl). The solid formed was filtered off and the filtnite was concentrated to give 
the desired iminium salt which was precipitated from ether. After drying under 
high vacuum the desired compound was obtained as a yellow solid (65 mg 92%) 
laJD ^-778 (c 1.25 in acetone); 5h (250 MHz; CDCI3) 4.09 (3 H s CH3) 4 64 ' 
(1 H. d, J 13 Hz. ArCAZ-H), 4.89 (1 H. d,J 13 Hz. ArCHH'). 7.00-8 ^5 (12 H m 
Ar-H), and 9.12 (1 H. s. N=CH); 5c (100 MHz; CD2Cb) 49.22 59 60 125 ]'? ' 
125.95, 126.67, 127.42, 127.52, 127.82. 128.18, 129 02? 29.07 29 96 30 24 
130.97. 131.42. 131.94. 32.37. 132.44, 134.37. 135.02. ,35.92. nflP Id 
iOo,56. 

Example 5: (5)-(H.).5.5-Dihydro.2W.dmaphthr2,l.c:r4'-el.N.ethyl azepine 



25 Iodide 



A solution of (S)-imine from Preparation 1 (50 mg, 0.17 mmol) in iodoethane (2 
ml) was stirred at room temperature, a yellow solid wa.s soon formed in the 
reaction mixture. TLC of the reaction after 24 h showed that only a small amount 
of starting matenal was left. The remaining imine and excess iodoethane were 
removed by trituration with ether. After drymg under high vacuum the desired 
product was obtained as a yellow solid (60 mg. 98%). m.p. >200 "C (dec ) 

rH?r/.f T " ''"''^''^^ ^^^'3) 1.51 (3 H, t, 7 7 Hz. 

CH3), 4.45-4.75 (2 H.m.C//2CH3), 4.6(1 H.d.y, 12.5 Hz, ArCWH) 4 95 ( H 

nLV ^-^^-^-^^ H. m. Ar-H). and 10.60 (1 H. s N=CH)- 6r 

7 .f^?.';?''"^ 127.42, i27.62. 

127.68. 127.89. 128.93. 129.04. 129.75. 129.84. 130.62, 131 7^ 131 93 132 04 
132.45. 134.23. 135.41. 135.80. 141.95, and 168.23; m/z (FAB )'323 (M+ 128^ ' 



-10- 
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5 TrntLr'-^-^-»''''--^«--'-P««^.>-r 

A soludon of AgBF4 (40 mg, 0.2 mmol) i„ aceion. „ „n 

solution of .he (R)-i„i„i„„ ,^1, ft,™ ExaJfe? JJi """^ "> ' 

Obtained by concentration of the r.ln-.re "'traoon. The resulting foam. 

10 desired product as a yellow g r^ mTrrlo"''' ''''' '° ^''^ 

5h (250 MHz; CD2C]2) 1 50 (T H t 7 . 1^'}^'' ' <^ ^ 

8.15 (12 H. tn. Ar-H . and 13 0 iff 6-^- 
57.49. 58.38, 125.46 126 33 126 88 127 of 'o."^ '^^^ ^^2Cl2) 13.87. 
15 128.97. 129.67. 129.^7 130 13, fi^^ f^^ ''' ''' 128.86. 
141.86. and 167.90 ^^^'O^' 132-40. 134.25. 135.82. 

was removed under vacuum and rh. a ^""^^^ ^^"^yl •'romide 
the unreacted staning 73 elTand " "'^^^ — 

25 drying under high vacuurhe 0?"""^ °' '^f'- 

(75 mg. 95%). m.p. 150^52 oC (d ?rj 20 ^ 
(2.50 MHz; CDCI3) 4.45 I H d 7 1 3 4 H A.''' ^"202); 6h 

6-75-8.6 (17 H... Ar-H) dl^;. . d. 7 , 3.0 Hz. PhC/«'). 

^0 56.55. 65.28. 124.68. 12 126'94 27' 1^9 P7 4' ^^^'^^ 
128.97. 129.35. 129.49, 129. 7, ifo 1 3090 3, o '''''' '''''' 

135.34. ,41.42. and ,69.45; m/ (FAB^SS Tm^ 70;^'; ''' ''' ^33.44, 
HRMS: tn/zcalc. 384.1745 cT9hT2N m- .o^ ^'''^'^'^ 100%); 

^/yn22iN requires 384. 1752. 

5 Example 8: (/?)-(-)-5,5-Dihydro.2//.dinaphthr2 l-c T 2' N k 

azepine Tetranuoroborate l-nmu^J-cI ,2 -c]-N-benzyl 

To a solution of (R)-bromide salt from Examni. 7 . 
-0, of (R)-i„,i„e frotn P^paratio^)! ch^^^^^^ ^^^^ ' 

0.2 mmol, The solid (AgBr) fo Jed^'a^^i^^rd t^^^^^^^^^^^ 
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General Procedure 

To a solution of allcene (0 5 mm n 

<ta=d over a„h,d„„, sulph. « I j """" '"""'•■"^ 

«-e a „,3,erta, which was PUnfiCotarr""" °" ^ ""^ "'Po-" 
epoxide. <'<"-»" <=to„a,„g„,phy, ,„ ^^^.^ 

n,g, 2^o„ „C r '"-'^ NaHCO 



-12- 



wo 97/06147 



PCT/EP96/03551 



83% 



earned out using other catalv«« nf rh- • " ' ' """""'-'"^ w 
5 in Table I '''^ The results obtained are shown 



Table 1 




1 
3 

4 

5 

6 

7 

8 



Me 


BF4 


83 


70 


Me 


CIO4 


54 


74 


Me 


PF6 


48 


61 


Et 


1 


55 


78 


Et 


BF4 


78 


76 


Bn 


Br 


71 


74 


Bn 


BF4 


78 


73 



.0 e^r"'^ <«'-'""-5W«-D<l.~„„„p,.„„.,,.,, 

- ~„ o„ :— ;r,:r: 

compound as a syn,p (234 mg. 80%) ^ ' "^^i"" 
(S). isomer, (a)D20^1363.7. (c I . ,9 i„ CH,a,) 
(R)- isomtr. raJD^d-l 363.7. (c 1.19 in CH,Cb) ' 

Boih isomers: 5h (250 MHz; CDCI,) 3 95 n H , , , „ 

20 AtCH-H) 406(1 H H I,, u J 2.2 Hz and llHj. 

26.42. 1.6.69. 127..6. 127.49. 128.07. 128.25. 128.44, 129.18. 130.49. 
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131.70,132.08,132.34 13299 n/i 
^^4. 1275.C22H15N requires 294. 1283). 

5 



10 



15 



20 
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Claims: 



1- A compound of formula (la) or (lb): 





(la) 



(lb) 



10 alkoxy. aryl, aryloxy. silyl and silyloxy; ^'^ ^ ' ^'"^ 

represents phenyl. Cj.g alkyl. phenyl C, a alkvl «r =. . . 

i o / . piiciiyi u 1 .6 aikyj or a moiety of formula (a): 



■(CH2)^PH 



CHjR' 



X is a counter ion. 

3. A compound according to claim 1 or claim ^ wherein R 1 r,., 

aikyl represents C^.g 



25 4. A 
Ci.g alkyl. 



compound according to any one of claims 1 to 3. wherein R 1 



represents 



5. 



A compound according to any one of claims 1 
methyl or ethyl. 



to 4. wherein R I represents 
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ion 



7. A compound according to any one of claims 
5 X- is BF4-. 



1 to 6, wherein counter 



ion 



10 



15 



20 



8. ■A '^'"Pound according to claim ] spIer-t^H u ,• 

(S-W-5.5-dihydro-2H-dinaphthr2/c r 2",^ ^^^^^^^^ "'^ '^^"^'"'"^ 
tetrafluoroborate; ' ' ^ eJ-N-methyl azepine 

(5)-(+)-5.5-dihydro-2//-dinaphth[2, 1 -c-r T-el N m.^k 1 
(5)-W-5.5-dihydro-2//-dinaphth 2 , -c-r 2^1 N^^^^^^^^^^ 
(/?)-(-)-5.5-dihydro-2A/^i„aphthr2 l-c r r . m ^ '"'P'"' P^'^^lorate; 
hexfluorophosphate; ' -"^-^-"^'M ^zcpine 

W-(+)-5.5-dihydro-2//-dinaphth[2,l-c:r 2'-el-Nr erhvi , • • 

(^)-(-)-5.5-dihydro-2//-dmaphth 2.,-c:r T ^ n"! ' r'"' 

(^)-(.)-5.5-dihydro.2//-dinaphth 2J.c-r 2--. N be ' T"" ^^^^"--"^-^^ 

(/?)-(-)-5.5-dihyd.>-2//-dinaphth 2 -c r 2> . N K ' ^"^ 
tetrafluoroborate. ' -"^-'^-'^"^y' ^^^Pi"- 

whicbpi™rs~ 

(lib): ^' ^PP™P"»«. ^ compound of formula (Ila) or 

A A 





(Ila) 



Rl-Ll 



(III) 
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Of fonnul, (ia, or Ob,: 

is a compound 



10 



15 





(la) 

»lkoxy. aryl. a^fcy, " *™ C,.6 alkyl, c,.6 



— (CH2)„CH 



wherein r2 represents CVgalkyl. phenyl or benzyl; 
R-^ represents H or 0R4 wherein R4 k r .l i 

^ero or an integer 1 or 2; and ' " ^'"^ " - 

X is a counter ion. 



25 



30 
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